Genetic analyses on bone remains in the field of human identification represent one of the most stimulating and complex challenges for forensic geneticists. In this work, preliminary results of the analysis of bone remains performed by the use of the commercial kit named PowerPlex ® Fusion System (Promega Corporation, Madison, WI) are shown. Our study was conducted on 10 casework samples that came to our observation, for which the Prosecutor asked to perform genetic analyses to the purpose of either personal identification or the assessment of a parental relationship. Taking into account the analytical challenges already faced during the analyses previously performed using other commercial STRs kits, our attention was focused on 3 important variable factors that can determine the success or failure of the analyses: the age of the remains, the environmental conditions of storage and/or finding and finally, where known, the cause of death. The preliminary results of this study show that the possibility to obtain a genetic profile useful for identification purposes depends on the variables represented by age of the samples and environmental conditions of storage/finding, with a particular interest to the latter. This study shows, on the one hand, the importance of bone remains as an indisputable resource in cases of forensic interest, and on the other hand the issues related to the genetic analysis of these samples because of the frequent presence of chemical-physical factors responsible for DNA degradation and/or inhibition.
Introduction
Genetic analyses on bone remains in the field of human identification represent one of the most stimulating and complex challenges for forensic geneticists. Unlike the analysis of biological traces such as blood, semen, saliva or urine, that usually do not present any particular technical and operational difficulty so that personal identification can be achieved, as appropriate, more or less easily through comparing the genetic profile obtained from the sample with the one available as reference, the identification of bone remains forces the analysts to face multiple and complex variable factors (e.g. the degradation of genetic material and the environmental contamination of the samples) that can affect the success of the analysis in the sense of obtaining a complete and interpretable STR profile (1) . In such cases an accurate evaluation of the characteristics of the sample and the environmental conditions to which this finding has been exposed is extremely important (2, 3) . In this work, preliminary results of the analysis of bone remains performed by the use of the commercial kit named PowerPlex ® Fusion System (Promega Corporation, Madison, WI) are shown.
Materials and methods

Selection of the samples
Our study was conducted on 10 casework samples that came to our observation, for which the Prosecutor asked to perform genetic analyses to the purpose of either personal identification or the assessment of a parental relationship. These cases were selected on the bases of peculiarities of the recovery conditions and the physical characteristics of the bone remains, privileging those that at the moment of the preliminary inspection of the remains suggested a specific challenge. Taking into account the analytical challenges already faced during the analyses previously performed using other commercial STRskits, our attention was focused on 3 important variable factors that can determine the success or failure of the analyses: the age of the re-
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Genetic analyses on bone remains with the PowerPlex® Fusion System kit mains (intended as time elapsed since death until the recovery of the remains), the environmental conditions of storage and/or finding and finally, where known, the cause of death (4). In Table 1 are described the fundamental characteristics related to the specific cases included in our study. The genetic analyses were performed on different bone samples, according to the availability of biological material in the specific case (femur, tibia, humerus), using the same DNA extraction method and the same commercial kit for STRs amplification and typing.
Samples preparation and DNA extraction
After a careful scrub of the bone surface with a sterile blade, the pulverization of the bone (300 mg-1 g) was performed using an electric drill. The bone powder obtained was then put in incubation overnight at 56°C in 500 µl -1 ml of Bone Incubation Buffer (Promega Corporation) + Proteinase K + DTT 1M, then the supernatant was collected and the DNA extraction was performed with the commercial kit DNA IQ ™ System (Promega Corporation) following the Manufacturer's protocol. 
DNA quantification
STRs amplification and typing
For DNA amplification the kit named PowerPlex ® Fusion System (Promega) was used with a DNA Thermal Cycler GeneAmp PCR System 2720 (Applied Biosystems by Life Technologies), following the Manufacturer's protocol, with 30 PCR cycles. Together with the analyzed samples, control samples were prepared and analyzed in order to monitor the performance of the amplification conditions and to detect the presence of contamination. For DNA analysis an ABI PRISM 310 Genetic Analyzer (Applied Biosystems by Life Technologies) was used. The set up parameters for the electrophoretic run were those suggested by the kit's Manufacturer. The electropherograms obtained were finally analyzed by the GeneMapper ID v3.2.1 software. Table 2 shows the information and the results of the STRs typing of the DNA extracted from the analyzed bone samples. The 3 partial profiles obtained are: case n.1, case n.3 and case n.8. For these samples, previous analyses performed with other commercial kits did not gave any typing results, not even a partial profile. Sample n.10 (a complete charred corpse) did not gave any results, The results show that the possibility of obtaining a complete and interpretable genetic profile depends largely on the 3 variable factors mentioned above, particularly with regard to the environmental conditions of storage/finding of the remains, thus confirming the need to optimize the analytical methods in order to minimize the effects of environmental inhibitors. As known, the permanence of the sample under non conservative conditions degrades the DNA contained in it: humid areas, heat, bacteric and enzymatic attack thus represent the main responsibles of the chemical-physical fragmentation of DNA. A profile similar to the one obtained from degraded DNA typing is often produced also by samples that contain PCR inhibitors. These can be of various origin, e.g. hematin, melanin, polysaccarids, humic acid, urea, textile dyes, and can be co-extracted with the DNA from the evidence sample. This situation happens, for example, when it comes to analyze bone samples that have been inhumed for a long time, as in the case of sample n. 3, whose remains were collected from the ground, thus being covered by a thick layer of soil all over their surface. The inhibitors can act in different ways: interfering with the cellular lysis process during the DNA extraction; altering the DNA chemical structure; inhibiting the Taq polymerase preventing its activity (5). The amplification of DNA extracts in which inhibitors are present can, therefore, lead to a partial profile with the lost of the alleles with the higher molecular weight, as in the case of degraded DNA, or to a completely negative profile in the worst circumstance. Case n. 1-3-8 are representative of the issues related to low template samples (LCN) as although the analysis of many replicates (6, 7) it was not possible to obtain a consensus profile.
Results
Discussion
The preliminary results of this study show that the possibility to obtain a genetic profile useful for identification purposes depends on the variables represented by age of the samples and environmental conditions of storage/finding, with a particular interest to the latter (1), thus confirming the necessity to deepen the knowledge on the nature and effects of the DNA amplification inhibitors (8) to the aim of optimizing the analytical methods reducing to the minimum the inhibition effects of these substances. This study shows, on the one hand, the importance of bone remains as an indisputable resource in cases of forensic interest, and on the other hand the issues related to the genetic analysis of these samples because of the frequent presence of degradation and/or inhibition factors. From these results obtained from the analysis of bone remains with the PowerPlex ® Fusion System, we highlight the following advantages in the use of this kit: the analysis of a high number of loci (23 + Amelogenin); a great decrease of the PCR times (around 90 min.); more chances of obtaining useful results in cases where the kits previously used did not give a complete profile. 
